This paper discusses an automatic T-shirt folding device that we have developed. After you take a T-shirt out of the washing machine and put it on a specially-developed hanger to dry, our device folds the T-shirt in a completely automatic way. It can also detect whether the T-shirt is dry enough to be folded and put away. We hope our device will be able to help ease some burden of everyday housework.
Introduction
Housework is one of tough jobs. Not only that, we must do it every day. We can't live comfortably without doing housework. In the case of a single life, you have to do that as well as your work. On the other hand, if you have a large family, amount of housework become enormous. There are a great number of household tasks such as cleaning the room, washing the dishes, and doing the washing (1) (2) . Previously, housework has been done manually. However, as a result of appearance of Dishwasher, Vacuum cleaner, and Washing machine, we can conveniently save trouble. Nevertheless, the machine which folds the laundry automatically has not prevailed among the ordinary homes. Even today, folding the laundry is a manual labor. There are several items to fold the T-shirt (3) . For instance, Quick-Press sold by Daisaku Shoji Ltd. is item which make folding T-shirt easier. Although folding T-shirt became easier, it is manual procedure all the same. The folding machine which works automatically exist, however, it is not automatic completely because it needs to put a T-shirt on it manually. There are two machines with function to fold T-shirt. However, one of them needs specific hanger which is expensive and complicated as many as the number of T-shirt. Another can fold a T-shirt hung on a hanger. However, owing to its mechanism to fold, some T-shirt can't be folded by this machine. Besides, these machines does not detect whether T-shirt is dry or not. Consequently, they needs some help by human to start folding. In this study, we developed a system which folds the laundry automatically. Furthermore, it can detect whether the T-shirt is dry or not, while the T-shirt is hung on a hanger. The system can fold T-shirt precisely because it places the T-shirt on the table when it folds the T-shirt. All things that user have to do is only hanging washed T-shirt on a hanger. The time for household tasks and the labor can be reduced by this system. 
System to Fold T-shirt Automatically

System Configuration
The image of the system is shown in Fig. 1 . Initial state of the process is shown in Fig. 1a . T-shirt is hung on a hanger. In Fig. 1b , the table moves upward and the boards on the table nip the hem of the T-shirt. At this time, the wet sensor detects whether the T-shirt is dry or not. When sensor detected that the T-shirt is dry, table moves upward furthermore. Next, the system removes hanger. The system uses a special hanger which has a special structure. Pressing the button on the hanger, it becomes folded as shown in Fig. 2 . Consequently, this system can remove the hanger from T-shirt as shown in Fig. 1c . At the end, T-shirt removed hanger is folding instrument on the table. The details of the system are as below.
Folding Instrument
The folding instrument folds the T-shirt placed on it. The folding instrument consisted of three boards. Folding these boards in order, it can fold T-shirt. This instrument is operated by the steps shown in Fig. 3 . Using this instrument, the system folds T-shirt.
H-bot (4)
The H-bot is a system that operates the folding instrument shown in previous section. It moves from front to back and side to side. The image of this system is shown in Fig. 4 . It has two motors at opposite side of corners. This system moves the central red stage in four directions with combinations of the rotation of these motors. The folding instrument is placed on the stage. When the two motors rotate in the same direction, the stage moves left or right. When the two motors rotate in the different direction, the stage moves front or back. The direction of movement is due to the direction of rotation.
Lifting Mechanism
This lifting mechanism lifts the folding instrument on the H-bot. The image of this mechanism is shown in the Fig.  5 . It is called X-LINK LIFT. Thus, this mechanism moves up and down the system to fold a T-shirt.
Wet Sensor (5)
Resistance value of an object changes owing to the amount of water in the object. This nature of resistance can be used as a measure to detect whether the object is dry or not. In this system, the wet sensor checks the dryness of the T-shirt, measuring the resistance of the T-shirt. This sensor is shown in Fig. 6 . Step of folding instrument. (6) We manufactured Folding instrument as shown in Fig.  7 . The boards for folding a T-shirt are inexpensive cardboard.
Manufacture
Manufacture of Folding Instrument
We used three servo motors (GWS125-1T/2BB/F and GWS666N/2BBMG/J by Grand Wing Servo-Tech Co., Ltd.) to operate it. The one edge of the boards has the wet sensor.
Manufacture of H-bot
We manufactured H-bot as shown in Fig. 8 . The frame of this system is made of aluminum material. Two motors are 360° rotatable servo motor (GWS125-1T/2BB/F by Grand Wing Servo-Tech Co., Ltd.). The pulleys are arranged at six positions. We substitute plastic straps for a timing belt. The system moves in four directions with door wheels.
Manufacture of Lifting Mechanism
We manufactured lifting mechanism as shown in Fig.  9 . We used two DC motor (AO-8012 by TAMIYA, INC.). This machine lift up the system with wire ropes connected to the motor using pulleys.
Manufacture of Wet Sensor and Distance Measuring Sensor
We used wet or dry sensor and distance measuring (b) Wind a wire by DC motor. Fig. 9 . Lifting mechanism sensor. We manufactured wet or dry sensor as shown in Fig.  10a . This sensor nips the T-shirt by aluminum plate of the same kind. The Distance Measuring sensor is PSD (GP2Y0A21YK0F by AKIZUKI DENSHI TSUSHO CO., LTD.). PSD is used for detect the position of hem of the T-shirt as shown in Fig. 10b. 
Experiment
Performance of the Distance Measuring Sensor
We checked the performance of the distance measuring sensor. We measured output by T-shirt approach a sensor ten times. The results are shown in Fig. 11 and Table 1 . As a result, this sensor could detect the existence of the T-shirt. When a T-shirt existed, the output got higher than 2.13V. When there was no T-shirt, the output got lower than 2.05V. Thus, the threshold to detect whether any T-shirt exists or not was decided to be 2.10V.
Performance of the Wet or Dry Sensor
We checked the performance of Distance Measuring sensor. We measured output by damp of T-shirt for cotton and polyester ten times. The results are shown in Fig. 12 and Table 2 . As a result, this sensor could detect a wet T-shirt at more than 2.29V, or a dry T-shirt at under 6.1mV, when the material of T-shirt is cotton. When material of T-shirt is polyester, this sensor can be detected to wet a T-shirt at more than 0.628V, to dry a T-shirt at under 5.2mV Thus, the threshold was decided to be 10mV. 
Operation Check of All System
We performed experiment that fold T-shirt in the state of hanging. A T-shirt is folded by this system as shown in Fig. 13 . It was able to fold T-shirt. However, T-shirt folded was anything but beautiful. This system must be controlled more exactly.
Conclusions
We developed a system to Fold T-shirt in the state of hanging. The system can fold a T-shirt. However, T-shirt folded was anything but beautiful. And, it is only possible to fold a T-shirt of a piece in this system. Therefore, it will require remodeling to fold many T-shirts. And, this system must be able to fold Clothing other than T-shirt. Thus, we want to aim that this system becomes one of the consumer electronics.
